. Introduction {#s01}
==============

Gastric cancer (GC) is highly prevalent in Asia and is the second leading cause of cancer mortality in China ([@b1],[@b2]). An effective screening strategy can reduce GC mortality through early detection, diagnosis, and treatment. The search for biological biomarkers that could predict GC risk has been a hot research topic in the related research fields. It is well known that pepsinogen C (PGC) and the GC-associated antigen MG7, measured either in tissue or serum, have potential to be biomarkers associated with GC ([@b3]-[@b5]). PGC belongs to the aspartic proteinase family and is the precursor of pepsin C, which is the terminal product of mature differentiated gastric mucosa cells and is mainly expressed in the stomach and proximal duodenum ([@b6],[@b7]). PGC expression *in situ* was previously found to be significantly decreased in precancerous gastric diseases and almost absent in GC, suggesting that the lack of PGC expression in gastric mucosa is an ideal "negative marker" of GC ([@b8]-[@b12]). MG7 belongs to a group of non-specific membrane surface antigens ([@b13]). Previous studies have found that MG7 was absent in normal gastric mucosa, but the expression of MG7 gradually increased from benign gastric diseases to precancerous diseases, suggesting that the presence of MG7 expression in gastric mucosa is a "positive marker" of GC ([@b14],[@b15]).

Gastric carcinogenesis is a multi-step procedure that involves various factors. Although a single biomarker would provide a simpler diagnostic test, the combined detection of multiple biomarkers could maximize the advantages of the component biomarkers to increase diagnostic accuracy ([@b16]-[@b18]). The latest findings of our studies showed that low PGC combined with high MG7-Ag may be key molecular events during the malignant transformation of gastric mucosa ([@b19]). However, it is still unclear whether the promising combination of PGC and MG7-Ag could be used as a follow-up panel for monitoring the dynamic progression of precancerous gastric diseases and what its detection efficiency for high-risk individuals is. The above outstanding matters require further evaluation and verification. The goal of this study was to analyze the expression of PGC and MG7 during the initiation and progression of GC to assess their combined diagnostic value. In addition, long-term follow-up information was collected with a gastroscopy examination and a pathological diagnosis to further evaluate the potential application for GC prediction.

. Materials and methods {#s02}
=======================

Study subjects {#s02.01}
--------------

This study was a retrospective follow-up analysis of 285 individuals from a region with a high incidence of GC (Zhuanghe, Liaoning Province, China). A total of 172 male patients and 113 female patients were included, with age ranging from 21 to 84 (mean age, 51.8±13.4) years old. All subjects underwent gastroscopic examination. The histopathological diagnosis of the gastric mucosa biopsies was performed by at least two experienced pathologists based on the new Sydney System for the classification of gastritis and the World Health Organization gastric cancer classification. The study was approved by the Institute Research Medical Ethics Committee of the First Affiliated Hospital of China Medical University. Written informed consent was obtained from each study participant.

. Cohort follow-up {#s02.02}
------------------

Altogether, 208 subjects without GC were included in the follow-up cohort analysis, and these subjects underwent follow-up with gastroscopic examination and histopathological diagnosis of gastric mucosa biopsy one to seven times (1998, 1999, 2002, 2004, 2010, 2011, and 2015) after the first examination (1997). In addition, the occurrence of GC and death due to GC were obtained from the yearly "Cancer incidence and death registration report of Zhuang He City" for the monitored subjects during the follow-up. The follow-up period ended on December 31, 2015. There were no patients lost to follow-up in this research.

. Immunohistochemistry assay {#s02.03}
----------------------------

### Immunohistochemical staining {#s02.03.01}

PGC antibody (anti-pepsinogen C antibody, product name 2D5) was kindly provided by the Institute of Clinical Examination of Japan. MG7 monoclonal antibody was kindly provided by the Digestive Disease Research Laboratory of the Fourth Military Medical University (Xijing Hospital of Digestive Diseases). Immunohistochemical staining was performed using the two-step streptavidin-peroxidase method (Maixin, Kit-9801D2, Fuzhou, China).

Four-μm-thick tissue sections from paraffin-embedded tissues were mounted onto poly-L-lysine-coated glass slides and then baked at 70 °C overnight. The tissue sections were deparaffinized in xylene, rehydrated in ethanol, and then immersed in citrate buffer for antigen retrieval. Endogenous peroxidase was quenched using 3% hydrogen peroxide for 10 min. To decrease nonspecific staining, 2% normal non-immune animal serum was subsequently used to block tissue collagen for 10 min. The tissue sections were then incubated at 4 °C overnight with either the PGC or MG7 antibodies (5 μg/mL) or phosphate buffer solution (PBS) alone. Next, the sections were incubated with biotinylated anti-mouse secondary antibody for 30 min and then washed with PBS. The slides were stained with diaminobenzidine chromogenic reagent (DAB-0031, Maixin Inc.) for 3−10 min, and the reaction was stopped with water.

### . Criterion of immunohistochemical staining {#s02.03.02}

Immunohistochemical staining was evaluated using a previously published comprehensive scoring method based on the staining intensity and positive cell number ([@b19]). The staining intensity of the mucosa cells was assessed according to the pattern of staining characteristic of the majority of cells. The staining intensity was classified as 0 (no staining), 1 (light brown staining), 2 (brown staining), and 3 (heavy brown staining). The percentage of stained cells was classified as 0 (no staining), 1 (1%−33%), 2 (34%−66%), and 3 (\>66%). The two scores were combined and then classified into 4 grades: 0 was negative (−); 2−3, (+); 4, (++); 5−6, (+++). A score greater than two was considered positive expression.

. Evaluation of diagnostic accuracy of PGC-MG7 by relative operator characteristic (ROC) {#s02.04}
----------------------------------------------------------------------------------------

A ROC curve was used to evaluate the diagnostic utility of PGC-MG7 detection for GC and its precancerous state.

. Statistical analysis {#s02.05}
----------------------

Statistical analysis was performed using SPSS software (Version 18.0, SPSS Inc., Chicago, IL, USA). The Chi-squared test was applied to assess the differences in individual or combined expression of PGC and MG7 in different gastric diseases. The Youden index (YD) = (sensitivity + specificity) −1 is used in evaluation of diagnostic efficacy of PGC and MG7 biomarkers. Logistic regression analysis was conducted to calculate odds ratio (OR) and 95% confidence interval (95% CI). P\<0.05 was regarded as statistically significant.

. Results {#s03}
=========

Subject baseline information {#s03.01}
----------------------------

A total of 140 non-atrophic gastritis (NAG) cases, 68 atrophic gastritis (AG) cases, and 77 GC cases were included. The bassline information of these subjects was shown in *[Table 1](#Table1){ref-type="table"}*. There were statistical differences in the age and gender among three groups, so they were corrected in the subsequent statistical analysis.

###### Characteristics of subjects (N=285)

  Characteristics                                                                  NAG (n=140)   AG (n=68)   GC (n=77)   P\*
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  Sex \[n (%)\]                                                                                                          \<0.05
  　Male                                                                           76 (54.3)     41 (60.3)   55 (71.4)   
  　Female                                                                         64 (45.7)     27 (39.7)   22 (28.6)   

. PGC and MG7 protein expression in different gastric diseases {#s03.02}
--------------------------------------------------------------

### Expression of PGC and MG7 protein alone {#s03.02.01}

The positive rate of PGC gradually decreased from NAG (91.4%) to AG (26.5%) to GC (0%). The differences between each group were all statistically significant (P\<0.05). In contrast, the MG7 positive rate gradually increased from NAG (15.0%) to AG (82.4%) to GC (94.8%). The differences between each group were all statistically significant (P\<0.05) (*[Figure 1](#Figure1){ref-type="fig"}*, *[Table 2](#Table2){ref-type="table"}*).

![Immunohistochemical staining for PGC/MG7 in different diseases. (A) Photomicrograph of NAG showing +6 score, PGC expression; (B) Photomicrograph of AG showing +0 score, PGC expression; (C) Photomicrograph of GC showing +0 score, PGC expression; (D) Photomicrograph of NAG showing +0 score, MG7 expression; (E) Photomicrograph of AG showing +6 score, MG7 expression; (F) Photomicrograph of GC showing +6 score, MG7 expression. (×100). PGC, pepsinogen C; NAG, non-atrophic gastritis; AG, atrophic gastritis; GC, gastric cancer.](cjcr-32-1-89-1){#Figure1}

###### Expression of PGC and MG7 protein in different gastric diseases

  Gastric diseases   Number   PGC                                   MG7               
  ------------------ -------- ------------ ------------------------ ----- ----------- ----------------------
  NAG                140      128 (91.4)   −                              21 (15.0)   −
  AG                 68       18 (26.5)    \<0.001\*                      56 (82.4)   \<0.001\*
  GC                 77       0 (0)        \<0.001\*, \<0.001^\#^         73 (94.8)   \<0.001\*, 0.016^\#^

### . Combined expression of PGC and MG7 {#s03.02.02}

Four combinations of PGC and MG7 expression levels were defined: "A type" (PGC+MG7−), "B type" (PGC−MG7−), "C type" (PGC+MG7+), and "D type" (PGC−MG7+). The NAG group was predominantly the "A type." The AG and GC groups were predominantly the "D type" (60.3% and 92.2%, respectively). The "A type" staining was significantly higher in the NAG group than in the other groups (P\<0.001), while no significant difference was observed between the AG and GC groups (P=0.500). The rate of the "D type" staining was significantly different among the three groups (P\<0.001). After further logistic regression analysis adjusted by age and sex, the "A type" samples had a 0.009-fold risk of GC (95% CI: 0.001−0.064, P\<0.001), and 0.110-fold risk (95% CI: 0.031−0.445, P=0.002) for the "B type" samples, 0.033-fold risk (95% CI: 0.007−0.151, P\<0.001) for the "C type" samples, compared with the "D type" samples (*[Table 3](#Table3){ref-type="table"}*).

###### Combined expression of PGC-MG7 in different gastric diseases

  PGC-MG7 combination   Gastric diseases \[n (%)\]                 GC risk                                
  --------------------- ---------------------------- ------------- ------------- -- --------------------- ---------
  A type                111 (79.3)\*                 2 (2.9)       1 (1.3)          0.009 (0.001−0.064)   \<0.001
  B type                8 (5.7)                      10 (14.7)     3 (3.9)          0.110 (0.031−0.445)   0.002
  C type                18 (12.9)                    15 (22.1)     2 (2.6)          0.033 (0.007−0.151)   \<0.001
  D type                3 (2.1)                      41 (60.3)\*   71 (92.2)\*      1.0                   −
  Total                 140 (100)                    68 (100)      77 (100)         −                     −

. Diagnostic accuracy of PGC and MG7 expression levels {#s03.03}
------------------------------------------------------

A ROC curve was calculated to assess the accuracy of the PGC and MG7 biomarkers at different immunohistochemistry score cut-off values. The optimal cut-off values were 2 for PGC and 3 for MG7. The sensitivity, specificity, and YD were 96.1%, 70.2%, and 0.663 for PGC and 87.0%, 78.4%, and 0.654 for MG7, respectively. For the "D type" combination, the sensitivity, specificity, and YD were 92.2%, 78.8%, and 0.711, respectively (*[Table 4](#Table4){ref-type="table"}*).

###### Evaluation of diagnostic efficacy of PGC and MG7 proteins in GC

  Gastric diseases   Biomarker   Sensitivity (%)   Specificity (%)   YD      AUC       P\*
  ------------------ ----------- ----------------- ----------------- ------- --------- ---------
  GC                 PGC≤2       96.1              70.2              0.663   0.837     \<0.001
  MG7≥3              87.0        78.4              0.654             0.892   \<0.001   
  D type             92.2        78.8              0.711             −       \<0.001   
  AG+GC              PGC≤2       97.2              82.9              0.801   0.943     \<0.001
  MG7≥2              89.0        85.0              0.740             0.911   \<0.001   
  D type             77.2        97.9              0.751             −       \<0.001   

In addition, a ROC curve for the diagnosis of GC and precancerous disease (AG+GC) was drawn using PGC and MG7 as biomarkers. The optimal cut-off value was 2 for both PGC and MG7. The sensitivity, specificity, and YD were 97.2%, 82.9%, and 0.801 for PGC and 89.0%, 85.0%, and 0.740 for MG7, respectively. For the "D type" combination, the sensitivity, specificity, and YD were 77.2%, 97.9%, and 0.751, respectively (*[Table 4](#Table4){ref-type="table"}*).

. Association of combined expression of PGC and MG7 with GC risk in follow-up cohort {#s03.04}
------------------------------------------------------------------------------------

A total of 208 non-GC individuals were followed up from January 1, 1998, to December 31, 2015. Seven GC cases developed during that time: one in the NAG group (0.71%) and six in the AG group (8.8%). After comparing the risk of gastric carcinogenesis in different PGC-MG7 combinations, the rate of carcinogenesis was higher in the "D type" (6.818%) than in the "A type" (0.885%), "B type" (5.556%), and "C type" (6.061%) (*[Table 5](#Table5){ref-type="table"}*).

###### Gastric carcinogenesis in different PGC-MG7 combination cohorts

  Gastric diseases   Gastric carcinogenesis in follow-up \[n (%)\]                           
  ------------------ ----------------------------------------------- ----------- ----------- -----------
  NAG                1 (0.885)                                       −           −           −
  AG                 −                                               1 (5.556)   2 (6.061)   3 (6.818)
  Total              1 (0.885)                                       1 (5.556)   2 (6.061)   3 (6.818)

. Discussion {#s04}
============

Few biomarkers are available for large-scale GC screening or early diagnosis. Conventional tumor markers such as carcinoembryonic antigen (CEA) and cancer antigens carbohydrate antigen (CA) 19-9, CA 50, and CA 72-4 are not tissue specific. They are expressed in many gastrointestinal cancers; moreover, their sensitivities and specificities are not ideal ([@b12],[@b20]).

Both the absence of normal differentiation antigens and the presence of tumor-associated antigens are significant characteristics of cancer cells. These characteristics can be used as biomarkers for the prediction and early diagnosis of cancer ([@b21],[@b22]). As a mature differentiation marker of gastric mucosa, PGC is absent in GC tissue ([@b3]). On the contrary, as a GC-related antigen, MG7 is frequently present in GC tissue ([@b5]). In this study, we, for the first time, observed the joint expression of PGC and MG7 in long-term follow-up population with GC risk and further evaluated its potential prediction for GC carcinogenesis. This research could provide some valuable data to support the clinical application of the combined detection of PGC-MG7 for the early diagnosis of GC and its precancerous condition.

In this study, four combinations of PGC and MG7 levels were defined. The "PGC+MG7−" or "A type" combination was the dominant type in the NAG group, while the "PGC−MG7+" or "D type" combination was the dominant type in the AG and GC groups. The risk of GC in the "PGC+MG7−" group was 0.009-fold lower than that in the "PGC−MG7+" group. In addition, ROC curve analysis suggested that the diagnostic accuracy of their combined detection was higher than the accuracy of either single biomarker. Based on these findings, we conducted a 15-year follow-up study of a high GC incidence population. The rate of gastric carcinogenesis was higher in the "PGC−MG7+" group than in the other groups, suggesting increased MG7 expression and decreased PGC expression could reflect abnormal hyperplasia, poor differentiation, and the degree of malignancy of gastric mucosa, and these markers could be used to monitor the initiation and progression of GC. In the future, expanded sample validation studies should be carried out.

The occurrence of gastric cancer is a process from normal to pre-cancerous stage and to cancerous stage according to the Correa's pattern ([@b23]). If precancerous lesions can be identified early, the patient can be treated before its progression to GC. Chronic atrophic gastritis is defined as a precancerous lesion of GC by the World Health Organization ([@b24]). The combination of serum PGC and other biomarkers was found to be a useful tool for GC screening and AG detection ([@b3]). In addition, combinations of serum pepsinogen, gastrin-17, and *H. pylori* antibodies can also be used to detect AG more effectively ([@b25]-[@b27]). Our study assessed the diagnostic utility of PGC and MG7 protein expression in GC and precancerous lesions (AG and GC) by ROC curve analysis. The optimal cut-off value of the immunohistochemistry scores was 2 for both MG7 and PGC. The sensitivity and specificity of the individual markers were high. Combining the markers improved the specificity to 97.9% and therefore boosted the negative predictive value of the assay. Thus, the combined detection of PGC and MG7 could increase the diagnostic utility for GC and its precancerous disease state.

. Conclusions {#s05}
=============

The combined detection of PGC and MG7 more accurately detected GC and its precancerous disease state than a single biomarker. These results suggested that the PGC-MG7 combination had a potentially significant role for identifying people at high risk of developing GC. The implementation of PGC and MG7 detection could help clinicians detect, diagnose, and treat GC early, thereby reducing the number of deaths caused by this disease.
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